far, only a few studies have been conducted to clarify the association between job strain and diet. Hellerstedt and Jeffery found that men who reported high job strain had significantly greater calorie intake from high-fat food items. 5 A consistent pattern was also observed in a recent study of a Japanese rural population: job strain was significantly and positively associated with meat consumption among men with non-agricultural occupations. 6 The same study also indicated that vegetable consumption was lower in workers with high job strain, while another study found that job strain was not significantly associated with fruit or vegetable consumption. 7 These previous studies [5] [6] [7] examined only gross food consumption and associations with job strain, and none used a dietary history questionnaire to measure nutrient intake. While fat consumption was associated with CHD risk, saturated fat has been recognized as a major factor for CHD, 8 and other types of fat, such as poly-and monounsaturated fatty acids, have not been associated with CHD and may in fact even provide protection against CHD risk. 8, 9 Cholesterol and salt are also important dietary elements that have been associated with CHD risk. 8 Some studies have reported that protein, fiber, and several antioxidants (carotene, vitamins C and E) were protective against CHD. 9 The question of whether job strain is associated with the consumption of fat components, cholesterol, salt, and some other micronutrients such as vitamins should be examined, and further research on food items such as high-fat foods, vegetables, and fruits should be conducted in order to clarify the mediating role in the link between job strain and CHD.
Epidemiologic studies have also suggested that worksite support (i.e., social support at work) is inversely associated with CHD, either as a main effect or a buffering effect against job strain, 10-12 although there was a study that failed to show such an effect. 13 Other studies have reported that low worksite support was associated with increased blood pressure 14, 15 and hyperlipidemia 16 although these findings are somewhat conflicting. Differences in diet may be responsible for the link between worksite support and CHD. To date, only one study has examined the relationship, and it found no significant association between worksite support (or its interaction with job strain) and the consumption of vegetables or fruit, 7 while social interaction in general has been positively associated with vegetable and fruit intake. 17, 18 In order to examine the possible mediating role of dietary differences linking job strain and worksite support to CHD, in this study we analyzed data from a baseline survey of a large-scale prospective cohort study of employed men and women in Japan, called the Japan Work Stress and Health Cohort (JSTRESS) Study. More specifically, we investigated the association of job strain and worksite support with the consumption of 17 selected nutrients, including fat components, cholesterol, salt and vitamins, while controlling for other relevant factors. ried and not married (single, divorced, or widowed). In addition, eight dummy variables were designed to adjust for the differences among the nine study sites in a multivariate analysis. A chronic condition was defined as one receiving medical treatment for any of the following conditions: hypertension, diabetes, hyperlipidemia, cancer, CHD, and stroke. A total of 657 (4.3%) men and 60 (2.1%) women had a chronic condition.
Statistical Analysis
The 17 dietary nutrient intakes (log transformed values) were compared among the quartiles of job strain and worksite support. The averages and their 95% confidence intervals were calculated based on the distribution of the log-transformed values and are shown in Tables after anti-log transformation. Statistical differences among the quartiles of job strain and worksite support were tested using an analysis of covariance (ANCOVA) controlling for age. The linear trend was also tested controlling for age.
In order to examine the unique association of job strain and worksite support to nutrient intakes, we conducted an ANCOVA for each of the 17 nutrient intakes on the quartiles of job strain (or job demands and job control) or worksite social support, controlling for age group, education, marital status, occupation category, and study sites. The significance for a linear trend between job strain or worksite support and nutritional intake was tested by assigning consecutive numbers (1-4) to the quartiles. Similar ANCOVAs were conducted for those who did not report a chronic condition (14,638 men and 2,793 women) in order to confirm findings among a "healthy" population. These statistical analyses were conducted using SAS ® package version 6.14 on a PC.
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Job Strain and Nutrient Intake Among men (Table 2 , top), job strain was significantly and positively associated with fat, salt, and poly-and monounsaturatedfatty acid intakes, while it was significantly and negatively associated with intakes of carbohydrate, crude fiber, calcium, carotene, and vitamin C. Among women (Table 2 , bottom), job strain was significantly and positively associated with retinol intake.
Worksite Support and Nutrient Intake
Among men (Table 3 , top), worksite support was significantly and positively associated with total energy and intakes of crude fiber, calcium, retinol, carotene, vitamins A, C, and E, and saturated fatty acid. Among women (Table 3 , bottom), worksite support was significantly and positively associated with total energy and intakes of protein, crude fiber, carotene, vitamins C and E, and polyunsaturated fatty acid.
Multivariate Analysis
Among men (Table 4 , top), job strain was significantly and positively associated with intakes of fat, vitamin E, cholesterol, and poly-and monounsaturated fatty acid after controlling for other Kawakami N, et al. The subjects were classified into four quartiles (lowest, secondlowest, second-highest, and highest) based on a gender-specific distribution of job strain and worksite support (see Appendix).
Nutrient Intake
In this study, nutrient intake was assessed using a modified version of a 31-item dietary history questionnaire (DHQ). 24 The original DHQ was developed by shortening a quantitative food frequency questionnaire used for cancer epidemiology in Japan25 and designed to estimate the daily intake of 17 macro and micronutrients in a Japanese population according to the 4th edition of the Standard Tables of Food Composition in Japan26 (see Table 1 ). The original DHQ24 consisted of questions about the average frequency of consumption and the average portion size of 31 selected food items during the past year. Questions concerning portion size were deleted in this study in order to make the task easier for respondents. In place of these questions, a gender-specific average portion for each item was used so that nutrient intake could be estimated. This modified version of the DHQ still had moderate to high validity when compared with estimated nutritional intakes based on 12 one-day dietary records over oneyear period among 37 volunteers (Takatsuka, Shimizu, Kawakami, et al., unpublished data). Spearman's partial correlation coefficients (rs) adjusted for gender between the DHQ and the three-day records were high (rs=0.40-0.59) for crude fiber, calcium, vitamins C, D, and E, and salt; moderate (rs=0.25-0.39) for total energy, protein, carbohydrates, calcium, carotene, cholesterol, and saturated and polyunsaturated fatty acid; and relatively low (rs=0.15-0.24) for retinol, vitamin A, and monounsaturated fatty acid (Takatsuka, Shimizu, Kawakami, et al., unpublished data). Comparisons of the estimated average values with those from the three-day records indicated that the DHQ overestimated vitamin C (+112%), retinol (+58%), carotene (+52%), and crude fiber (+16%). Otherwise, differences in estimated averages between the DHQ and the three-day records were within 10% (Takatsuka, Shimizu, Kawakami, et al., unpublished data).
After logarithmic transformation, nutrient intake was adjusted for total energy intake by using the method proposed by Willett 27 and applying a linear regression method. The distributions of nutrient intakes by gender are shown in Table 1 .
Other Covariates
Other covariates included age, education, marital status, and occupation, which are possible determinants of job strain, worksite support, 2 or nutrition intake. 28 The questionnaire was used to collect this information. Three age categories were used: 18-34, 35-44, and 45-60 years old. Nine occupational categories, defined according to the International Standardized Classification of Occupations 1988, were used: managers, professionals, technicians, clerks, service and sales workers, craft and other skilled workers, machine operators and assemblers, and laborers. Two categories were used for education level: 12 years or less and 13 years or more. Two categories were used for marital status: mar- Women (n=2,853) Men (n=15,295) * : Nutrient intake (excluding total energy) was adjusted for total energy after logarithm transformation of crude values by the method of Willett (1990) . Geometric means, Q1 (lower 25%), and Q3 (upper 25%) values were shown for nutrient intake. : Job strain = job demands / job control 2 Nutrient intake * Job stressor score: Job strain Men Women * : Nutrient intake (excluding total energy) was adjusted for total energy after logarithm transformation of crude values by the method of Willett (1990) . Geometric mean and 95% confidence intervals were estimated on the distribution of log transformed value. : Job strain was classifed into quartiles. P for diff.: P for difference (d.f=3). : Adjusted for age. Women (n=2853) * : Nutrient intake (excluding total energy) was adjusted for total energy after a logarithm transformation of the crude values by the method described by Willett (1990) . A log 10-transformed value for each dietary intake was used as a dependent variable in the ANCOVA. An antilog value of estimated least square means is shown. : Job strain and worksite support were classifed into quartiles. P for diff.: P for difference (d.f=3).
sis that fat intake may explain the link between job strain and CHD. However, the composition of fat associated with job strain may depend on the availability of fatty foods in a particular study area. A further replication study is therefore needed to address the association between job strain and the composition of fat in other countries.
Cholesterol intake was also greater among men under high job strain. Cholesterol is found in foods of animal origin (egg yolk, red meat, and dairy products). Another similar finding 6 suggests that men under high job strain are more likely to prefer animal foods. However, the association of cholesterol intake with serum cholesterol concentration 30 and CHD 31 is usually moderate. It was reported that a change of 200mg/1000kcal in cholesterol consumption could explain the 30% of CHD incidence. 8 The difference in average cholesterol intake per day between the lowest and highest quartiles of job strain was only 3.1 mg/day among men, which may explain the 0.1% of CHD incidence if the figure is applicable. Cholesterol intake may explain the association between job strain and CHD, but the degree seems limited.
Vitamin E intake was greater among men with high job strain. Although the high consumption (200-400 mg/day) of vitamin E has been reported to predict a lower risk of CHD, 32 a later clinical trial failed to show this association. 33 Because the observed difference was small, it does not seem that this level of change in vitamin E intake would have a clinically meaningful effect on CHD. Other vitamins were not associated with job strain in men or women, which is consistent with a previous observation. 7 A previous observation of the association between job strain and little vegetable intake 6 can probably be attributed to the fact that the study was conducted in a rural area where vegetable intake was greater and/or that the study sample was much older than those in the present study and a previous study. 7 Among women, no significant association was noted between job strain and the consumption of any of the 17 nutrients observed in this study. A previous study reported that there was no significant association among women between job strain and the consumption of foods high in fat. 5 The association of job strain with cardiovascular disease 34 and general health 35 was less clear in women than in men, and thus the link between job strain and nutrient intake may also be less clear in women than in men. This is also attributable to the smaller number of women in our sample.
Worksite support was found to be positively associated with daily intakes of crude fiber, retinol, carotene, and vitamins A, C, and E among men and with daily intakes of protein and vitamin E among women, although differences among the quartiles for nutrient intakes were small, particularly for crude fiber among men and vitamin E among men and women. This finding is in agreement with previous findings that general social interaction was positively associated with greater intakes of vegetables and fruit. 17, 18 Although the roles of these micronutrients and vitamins in preventing CHD are not clear, 8 the consumption of fiber, protein, 9 carotene, 32 vitamin C, 35 and vitamin E 32 have shown to have some protection against CHD. Calcium intake was also found to covariates, including worksite support; however, the differences were generally small (0.7 g/day, 0.06 mg/day, 3 mg/day, 0.1 g/day and 0.2 g/day, respectively, between the highest and lowest quartiles). Worksite support was significantly and positively associated with total energy and intakes of crude fiber, retinol, carotene, vitamins A, C and E, cholesterol, and saturated fatty acid; however, the differences were again small (50 kcal/day, 0.05 g/day, 11.5 g /day, 91.4 g /day, 70.7 IU/day, 3.8 mg/day, 0.03 mg/day, 2 mg/day, and 0.1 g/day, respectively, differences between the highest and lowest quartiles). Among women (Table  4 , bottom), job strain was not significantly associated with any nutrient, after controlling for other covariates. Worksite support was significantly and positively associated with total energy and intakes of protein, vitamin E, and polyunsaturated fatty acid; the differences tended to be small (92 kcal/day, 1.0 g/day, 0.2 mg/day, and 0.2 g/day, respectively, between the highest and lowest quartiles). Moreover, for both men and women, when an interaction term was added to the model (df=9) between job strain and worksite support, it was not significantly associated with the consumption of any of the 17 nutrients (p>0.05).
When the quartiles of job demands and job control, in place of those of job strain, were added to a similar ANCOVA, for men, job demands were significantly and positively associated with the total energy, fat, crude fiber, carotene, vitamins A and E intakes (p for trend <0.05). Also for men, job control was significantly and positively associated with total energy, crude fiber, calcium, carotene, and vitamin C (p for trend <0.05); job control was significantly and negatively associated with fat, and poly-and monosaturated fatty acid intakes (p for trend <0.05). For women, job demands were significantly and positively associated with salt intake (p for trend <0.05).
These results were replicated by similar ANCOVAs among those who did not report any chronic medical condition (14,638 men and 2,793 women).
Our study was the first to investigate the association between job strain, worksite social support and the intake of various nutrients. The study indicated that fat intake, and in particular poly-and monounsaturated fat intake, was significantly greater among employed men with a high degree of job strain, after controlling for age, education, marital status, occupation, and worksite support. Previous studies have also reported that job strain was positively associated with the intake of fat-rich foods among men in the US 5 and with meat consumption in rural Japan when limited to non-agricultural occupations. 6 However, in our study, the association between job strain and the intake of saturated fatty acid, which has been to be strongly associated with CHD, 8 was only marginally significant in men. Our study indicated, rather, that job strain was significantly and positively associated with the intake of poly-and monounsaturated fatty acids that have some protective effects against CHD. 9 Our findings do not support a hypothe-job strain and higher worksite support.
In conclusion, the present study found that job strain and worksite support were only weakly and inconsistently associated with nutritional intakes. It does not seem that changes in nutritional intakes explain the association between job strain or worksite support and CHD.
be associated with a lower risk of hypertension. 36 Therefore our findings may explain the association between worksite support and a lower risk of CHD [10] [11] [12] to some extent. Workers who receive a high degree of worksite support may be more aware of the value of a healthy diet as a result of the information and emotional support that they receive from their fellow workers. Lower psychological strain among workers who receive greater worksite support may also make it easier for them to maintain their good health behaviors.
Among both men and women, total energy intake was greater for the groups with higher worksite support. Men who received a high degree of worksite support consumed more cholesterol and saturated fatty acid than did their counterparts. These findings are inconsistent with previous literature that reported a protective effect of worksite support on CHD. [10] [11] [12] Worksite social support seems to be associated with both risk and protective factors for CHD. Workers who have good social relationships at their workplace may have more opportunities to eat high-calorie and fat-rich foods together at social gatherings with their supervisors and coworkers. Some of these associations between worksite support and nutrient intakes seemed non-linear, suggesting a more complex behind the influence of worksite support on dietary behaviors. Previous reports have suggested that peer support is sometimes associated with unhealthy lifestyles, such as smoking and drinking. [37] [38] [39] More detailed dimensions of social interactions at workplaces should be considered in future studies in order to clarify this association between worksite support and diet.
The present findings on the association among job strain, worksite support, and diet may be specific to Japan because the availability of food is greatly different between Japan and most Western countries. Even if the diets for workers with a high degree of job strain were similar, e.g., a higher consumption of animal products, the consumption of nutrients in Japan and the US still might differ. In addition, a previous study conducted in rural Japan indicated that the association between job strain and diet was different between agricultural and non-agricultural workers. 6 Our findings therefore need to be replicated among different occupations, between urban and rural areas, and across countries.
By applying a 31-item DHQ, we were able to obtain a more detailed picture of the association between the psychosocial work environment and diet. However, it should be noted that the DHQ is more suitable for ranking people according to nutritional intakes, rather than for estimating absolute values. Moreover, a random measurement error in the DHQ might attenuate a true association towards null. In such a case, we may have overlooked some important associations among job strain, worksite support, and nutrient intake. Furthermore, the assessment of the psychosocial work environment (job strain and worksite support) and diet was based on self-reported data, and therefore the tendency for individuals to provide affirmative responses may have confounded the findings. In addition, a cross-sectional design of the present study limits a causal interpretation. Some diets may also reduce psychological distress. 40 In such cases, workers may report lower
